Food-deprived rats (at 80% of their free-feeding weights) were exposed to a fixed-time 60-s schedule of food-pellet presentation and developed schedule-induced drinking. Lick-dependent signaled delays (10 s) to food presentation led to decreased drinking, which recovered when the signaled delays were discontinued. A major effect of this punishment contingency was to increase the proportion of interpellet intervals without any licks. The drinking of yoked control rats, which received food at the same times as those exposed to the signaled delay contingency (masters), was not consistently reduced. When food-deprivation level was changed to 90%, all master and yoked control rats showed decreases in punished or unpunished schedule-induced drinking. When the body weights were reduced to 70%, most master rats increased punished behavior to levels similar to those of unpunished drinking. This effect was not observed for yoked controls. Therefore, body-weight loss increased the resistance of schedule-induced drinking to reductions by punishment. Food-deprivation effects on punished schedule-induced drinking are similar to their effects on food-maintained lever pressing. This dependency of punishment on food-deprivation level supports the view that schedule-induced drinking can be modified by the same variables that affect operant behavior in general.
reported that food-deprived rats exposed to a variable-interval schedule of food reinforcement drank excessive amounts of water during experimental sessions. This drinking occurred despite the fact that the rats were not water deprived. The term schedul-induced polydipsia was coined by Falk to describe this excessive drinking. Falk (1971) suggested that schedule-induced polydipsia was the prototype of a new behavioral class named adjunctive behavior; which was conceptualized as if it might be different from operant-maintained behavior. The drinking induced by intermittent food-reinforcement schedules occurs shordy after the delivery of food rather than before food presentation (Falk, 1961) . Behavioral processes such as adventitious reinforcement (Clark, 1962) do not seem to account for this and other feaThis research forms part of a doctoral dissertation by Esmeralda Lamas at the Universidad Nacional de Educaci6n a Distancia, Madrid, Spain. The research was funded in part by a Universidad Nacional de Educaci6n a Distancia predoctoral grant to the first author and by the MEC:DGICYIT Grant PS91-0033 (Ricardo Pell6n, principal investigator). The authors are grateful to Derek E. Blackman for his continuous support and for his comments on an earlier version of this article. Some of these data were presented to the 19th annual convention of the Association for Behavior Analysis, Chicago, 1993. Reprints may be obtained from Ricardo Pell6n, Facultad de Psicologia, Universidad Nacional de Educaci6n a Distancia, Ciudad Universitaria, 28040-Madrid, Spain. tures of schedule-induced polydipsia adequately (see review by Wetherington, 1982) .
In addition to rats, schedule-induced polydipsia also develops in mice (Palfai, Kutscher, & Symons, 1971) , guinea pigs (Porter, Sozer, & Moeschl, 1977) , gerbils (Porter & Bryant, 1978) , and rhesus monkeys (Allen & Kenshalo, 1976) . Other induced or adjunctive patterns of behavior have been observed, including aggression in pigeons (Looney & Cohen, 1982 , for a review), defecation in rats (Rayfield, Segal, & Goldiamond, 1982) , and the ingestion of nonnutritive substances in monkeys (Villareal, 1967) . Schedule-induced polydipsia and other adjunctive behavior have received much empirical and theoretical attention (see reviews by Falk, 1977; Staddon, 1977; Wetherington, 1982) , but our understanding of these phenomena is still incomplete (see Reid & Staddon, 1990) .
There is now considerable evidence showing that the rate of schedule-induced drinking is sensitive to environmental consequences programmed in relation to the rats' licking, similar to the sensitivity of rats' lever pressing that is reinforced by food. For example, Pellon and Blackman (1987) have shown that schedule-induced drinking can be reliably suppressed by lick-contingent delays in food presentation (see also Flory & Lickfett, 1974) . Similar effects were reported by Bond, Blackman, and Scruton (1973) using lick-contingent electric shocks. Furthermore, Reberg (1980) observed that schedule-induced drinking was increased or decreased by scheduling extra food to occur after drinking or not drinking, respectively. These functional similarities between adjunctive drinking and operant behavior are important if an adequate explanation of schedule-induced behavior is to be developed.
There are many other similarities between adjunctive and operant patterns of behavior. For example, the rate of schedule-induced drinking varies with changes in the magnitude or quality of the food reinforcer and with changes in the animal's level of food deprivation. The occurrence of schedule-induced drinking seems therefore to depend on motivational variables related to the food reinforcer (Falk, 1971; Pellon, 1992; Reid & Staddon, 1990) . These variables have effects on schedule-induced drinking that are similar to the effects they exert on explicitly controlled operant behavior.
With regard to food deprivation, Falk (1969) and Freed and Hymowitz (1972) have reported that schedule-induced drinking is increased, or develops further, with increases in food deprivation from 100% to 90% or 95% of the animals' free-feeding weights, and that it is sustained thereafter at similar high levels of drinking despite further increases in food deprivation. This occurs despite the fact that increases in food deprivation lead normally to reductions in water consumption in the animals' home cages (e.g., Bolles, 1961) . Similar relationships to food deprivation have been reported for schedule-induced drinking in mice (Palfai et al., 1971) and gerbils (Porter, 1983) as well as for schedule-induced attack in pigeons (Dove, 1976) and scheduleinduced wood chewing in rats (Roper & Crossland, 1982) .
Much more is known about the effects of variables such as food deprivation on explicitly reinforced operant behavior than on adjunctive behavior, however. Studies of schedule-controlled operant behavior have shown that the effects of aversive contingencies on already-established patterns of lever pressing in rats depend quite critically on the animal's level of food deprivation. Azrin, Holz, and Hake (1963) , for example, showed that punishment with response-dependent electric shock was more effective under moderate food deprivation (a reduction to 85% of the animals' free-feeding weights). When food deprivation was more severe (to 60% of freefeeding weights), the punishment contingency was less effective in reducing the rate of operant lever pressing. The purpose of the present study was to investigate whether food deprivation modulates punishment effects on schedule-induced drinking in rats in a way similar to its effects on explicitly controlled operant behavior.
Rats were food deprived to 80% of their free-feeding weights and were then exposed to a fixed-time (Fl) schedule of food presentation (Condition A). When the weight of each rat had stabilized at 80% of its free-feeding weight, it was exposed to a baseline water-ingestion test in its individual living cage. On 2 successive days, 60 45-mg food pellets were placed together in a dish, and the volume of water consumed during the subsequent hour was measured. This procedure provided a baseline water intake for the drinking associated with the amount of food that was to be delivered intermittently in the subsequent experimental sessions (Pellon & Blackman, 1987) .
All rats were then adapted to the chambers and to the consumption of the food pellets by being exposed to one 60-min session during which no experimental contingencies were operating: 20 45-mg food pellets had been placed in the food receptacle, and the houselights were illuminated throughout the session and the ventilation fan was on, but the water bottles were not mounted.
After this pretraining the experiment proper began, with sessions conducted 7 days per week. Before each session the water bottles were filled with 100 ml of fresh tap water and were installed as described above. Each session began with illumination of the houselights and delivery of one 45-mg pellet of food to the receptacle. The houselight was turned off at the end of each experimental session.
In the first stage of the experiment (Condition A), the rats were exposed to 42 60-min sessions in which one 45-mg food pellet was delivered regularly at 1-min intervals independent of the rat's behavior (FT 60-s schedule). Each session ended 60 s after the delivery of the 60th food pellet. For each session the volume of water consumed (to the nearest milliliter), the number of licks at the spout, and the number of 60-s intervals with at least one lick were recorded. At the end of this first stage, the rats were matched into three pairs according to the amounts of water they had consumed and the numbers of licks they had made during experimental sessions. In each pair, 1 rat was randomly designated as a master and the other as its yoked control for the subsequent stages of the experiment. The 2 rats were subsequendly tested simultaneously in adjacent test chambers. In the second stage of the experiment (Condition B), the FT 60-s schedule continued in operation, but now each lick made by a master rat initiated a 10-s delay in the delivery of the next pellet of food. This delay was signaled by offset of the houselights (blackout) . Each lick during the signaled 10-s delay reset the delay. When no lick had occurred for 10 s, the houselights were relit, and the FT schedale resumed at the point at which it had been interrupted. Sessions for a yoked control occurred concurrently with those of its master. A pellet of food was delivered to the yoked animal at the same time as to its master: Food delivery to both rats was thus affected by the master rat's licking, but it was independent of the licking of the yoked rat. Delays initiated by the licking of a master rat were also signaled by a blackout to its yoked control. For each master and yoked rat, each daily session ended at the end of the interval that followed the 60th presentation of food or 120 min after the beginning of the session, whichever occurred first. Condition B lasted 14 sessions, and data were collected as in the first stage of the experiment.
The rats' weights were subsequently increased or decreased by controlled homecage feeding to 90% (Rats 1 to 4) or 70%
(Rats 5 and 6) of their free-feeding weights.
The body weight of each rat was stabilized at the above percentages after 7 days, a period during which the animals were not studied in the chambers. A third experimental stage was then introduced. For purposes of clarity, this stage was designated with a different label when the animals were food deprived to 90% (Condition C) or 70% (Condition D) of their weights at the start of the experiment. In Conditions C and D, identical experimental arrangements were programmed as in Condition B: Every lick by a master rat still initiated a 10-s signaled delay in food delivery to both that rat and its yoked control. After seven sessions under this procedure, the fooddeprivation regime was reversed for the three pairs of rats. Therefore, the weights of Rats 1 to 4 were now decreased to 70% and the weights of Rats 5 and 6 were increased to 90% of their free-feeding weights. When these new weights were obtained by the rats, which occurred after 7 days (with no testing), the fourth experimental stage was introduced.
This condition is designated as D or C depending on the animals' level of food deprivation, and it lasted seven sessions. Data were collected during Conditions C and D as described for the first stage of the experiment.
At the end of the fourth stage, each rat's weight was returned to 80% of its free-feeding weight. Seven days were required for these weight changes. During that time, the animals were not studied in the chambers. Rats were then tested for 10 further sessions with the delay-to-food contingency operating on the licks made by the master rats, being therefore a replication of Condition B. Finally, the procedure used in Condition A was reinstated for an additional 10 sessions: The licks of the master rats no longer had any programmed consequences, the delivery of food pellets was thus determined solely for all rats by the FT 60-s schedule, and the houselights were continuously illuminated.
RESULTS Figure 1 shows the daily water intake for each rat throughout the experiment. During the first experimental sessions, rats did not drink much water. As sessions progressed, however, all rats started to consume the water and schedule-induced drinking developed smoothly and to a similar extent in all pairs of master rats and their yoked controls. By the end of Condition A, all rats drank much more water than they had in the massed-food tests in their home cages before the experimental sessions began. The mean amount of water drunk during the massed-food tests was 4.5, 5.0, 1.5, 4.5, 3.5, and 3.5 ml for Rats 1 to 6, respectively. This increase in water consumption shows that schedule-induced drinking developed with all rats in this study, reaching levels of water intake that can be regarded as excessive or polydipsic (cf. Stein, 1964) . In the course of Condition A the rats also developed consistent patterns of behavior: They consumed the pellets of food promptly upon delivery and then licked the spout and drank from the water bottle. Figure 1 indicates for each pair of rats the effect of the signaled delay introduced in Condition B. Water intake was decreased in all master rats, but this decrease took different forms in each master. Rat 1 showed a slow and consistent decrease across sessions, the drinking of Rat 3 was not affected during the first nine sessions but was abruptly decreased thereafter, and drinking in Rat 5 was reduced sharply as soon as the delay was introduced. With all 3 master rats, the amount of water drunk was much less at the end of Condition B than it had been at the end of Condition A. In contrast, all yoked controls showed no appreciable decreases in water consumption during Condition B in comparison with Condition A. Further, Rat 2 showed an increase in water intake. These results provide a replication of the punishment of schedule-induced drinking by 10-s signaled lick-contingent delays reported by Pellon and Blackman (1987) . Even though decreases were observed in the drinking of master rats with the delay-to-food contingency, these decreases were not sufficient to abolish schedule-induced drinking completely. Indeed, all 3 master rats drank more at the end of the condition with delays (B) than they had in the massed-food condition.
Figure 1 also shows the effects on punished schedule-induced drinking produced by the shifts in the animals' level of food deprivation. When food deprivation was changed to 90% of the animals' free-feeding weights in Condition C, Master Rat 1 decreased further the amount of water consumed in comparison to the end of Condition B. A similar decrease, but of a greater extent, was also observed for Yoked Control 2. Decreases were not observed in the drinking of Rats 3 and 4, however. When body-weight level was at 70% during Condition D, Master Rat 3 increased the consumption of water quite rapidly in comparison to previous conditions with the food-delay contingency, reaching levels of drinking that were comparable to those recorded for this same rat at the end of Condition A. Rat 1 showed no increases in drinking from Condition C (90%) to Condition D (70%). Yoked Control 2 drank more during Condition D than it had during Condition C, approaching the levels of drinking that were recorded for this animal at the end of Conditions A and B (80%). Rat 4 showed no marked increases in water intake during Condition D, mainly because its drinking was not decreased during the previous Condition C.
Conditions C and D were given in a reverse order to Rats 5 and 6. They were first food deprived to 70% of their free-feeding weights (and thus exposed to Condition D) and then were food deprived to 90% (Condition C). The water intake of Rat 5 increased considerably by the end of Condition D, to the extent that water consumption was similar during the last two sessions of Condition D to its consumption at the end of Condition A and comparable to the drinking amount of Yoked Control 6. This control rat showed some small increases in water intake. When food deprivation was set at 90% during a later Condition C, Rats 5 and 6 decreased the amount of water consumed.
The weights of all rats were subsequently adjusted by food deprivation to 80% of their values at the start of the experiment. Figure  1 shows the extent to which the behavioral baselines returned to previous values with the introduction of the final two stages of the experiment, which were a repetition of Conditions B and A, respectively. Water intake of Master Rats 3 and 5 increased or decreased, respectively, during the second Condition B in comparison to the previous experimental stage. Therefore, water consumption approached the levels recorded at the end of the first Condition B. The other master (Rat 1) showed no changes in water intake during Condition B in comparison to previous Conditions C and D. In general, control rats also showed no marked changes in this condition in comparison to the previous stage of the SESSIONS experiment, but water intake increased in Rat 6 from the low levels that were recorded during the previous Condition C. When the punishment procedure was discontinued in the final stage of the experiment (Condition A), all 3 master rats showed sustained increases in water intake throughout the sessions. The final amounts of water consumption were comparable to those recorded at the end of the first stage of the experiment, except that there was not a complete recovery of the initial behavioral baseline in Rat 1. For all 3 yoked controls, however, there were no major changes in drinking during the final stage of the experiment. Figure 2 shows the daily mean number of licks per interval for each rat throughout the entire experiment, with the data for each yoked rat depicted in conjunction with its master. These data were calculated by dividing the number of licks made per session by the number of food pellets delivered, which was always 60. (Note that the 2-hr time limit was never encountered, and that these data are not expressed as licks per minute, because the mean interpellet interval varied in Conditions B, C, and D of the experiment.)
The development of schedule-induced licking can be seen with all rats in the first stage of the experiment (Condition A), with the number of licks per interval being similar within each pair of rats. In Condition B, when licks by master rats produced 10-s signaled delays in the delivery of food, all 3 master rats showed marked decreases in licks per interval; with Rats 1 and 3, this decrease developed consistently but slowly across sessions, and with Rat 5 the decrease developed quite quickly. In spite of these orderly and sustained decreases, Figure 2 shows that none of the master rats ceased licking completely. and 2, with some exceptions. In the first stage of the experiment, all animals came to lick during most of the interpellet intervals; within each pair, masters and yoked controls were almost indistinguishable. For the 3 master rats, the decreases in this measure when signaled delays in food presentation were introduced in Condition B reflect those seen in previous figures, but note that Rat 5 showed signs of recovery on this measure during the later sessions in Condition B. Yoked controls did not show appreciable changes from Condition A to Condition B, although more variability was observed in the behavior of Rat 6.
When body weights were at 90% of the initial free-feeding weights in Condition C (given to Rats 5 and 6 in a later experimental stage), all master and yoked control rats initially decreased the percentage of intervals that included licks. These decreases were later recovered in Rats 3 and 4, and to a lesser extent in Rat 2. When food deprivation was more severe in Condition D (70%), Master Rat 3, but not Rats 1 and 5, increased the percentage of intervals followed by licks in comparison to Conditions B or C. Yoked controls again licked in most of the interpellet intervals. During the last two stages of the experiment, when body weights were again at 80%, controls continued to lick in most of the interpellet intervals, but all master rats showed a food-then-lick pattern that was severely diminished during Condition B. In the final stage (Condition A), when the food-delay contingency was removed, all master rats resumed licking in most of the interpellet intervals (although recovery was not complete). Figure 4 shows the mean number of licks per interval with at least one lick; the figure is therefore a combination of the data shown in Figures 2 and 3 . These data were calculated by dividing the total number of licks made per session by the number of interpellet intervals that contained at least one lick. During Condition A, all animals except Rat 4 began by showing litfie licking in the intervals with licks, but this measure increased slowly with sustained training. By the end of the first stage, all rats within each pair showed a similar steady licking in the intervals containing licks, which were effectively most of the interpellet intervals (see Figure 3) . The behavior of yoked controls did not change significantly in this measure during the rest of the experiment (except Rat 6 in Condition C); thus, the remaining results will be limited to descriptions of the master animals. With the introduction of the delay contingency in Condition B, no reliable decreases were observed in licks per interval with at least one lick for master rats. Lick-contingent delays produced a decrease in both licks per minute (cf. Figure 2) and the percentage of intervals with at least one lick (cf. Figure 3) were changed to 90% of the rats' free-feeding weights, all 3 master animals showed a further decrease in measures of punished scheduleinduced drinking. Decreases were also observed for yoked controls. These results can be interpreted as a reflection of a decline in drinking due to an increase in body weight (Falk, 1969; Keehn, 1979; Roper & Nieto, 1979) . When body weights were maintained at 70%, Master Rats 3 and 5 increased punished responding to levels approximately equal to the unpunished drinking and licking that was observed for these same animals during the first and final stages of the experiment (but not in the measure of the percentage of intervals with at least one lick in Rat 5). This recovery brought their measures of drinking and licking to the levels recorded for their yoked controls. Master Rat 1 did not show changes in punished schedule-induced drinking that were related to the variations in food-deprivation level once its weight had been increased to 90% in Condition C. In general, however, the present results suggest that lick-dependent delays in food presentation are less effective in punishing scheduleinduced drinking when food deprivation is very severe, as in a 70% food-deprivation regime.
Results of this experiment also show that punishment of schedule-induced drinking by lick-dependent delays in food delivery took the form of an increase in the proportion of interpellet intervals without any licks, but when licks did occur in an interval they occurred at about the same frequency as they did when punishment was not arranged. This conclusion is supported by the finding that no master rat decreased the number of licks per interval with at least one lick when the punishment contingency was introduced in Condition B, but decreases were observed in all these rats in the measures of licks per interval and the percentage of intervals with at least one lick. This result resembles the experimental outcomes when schedule-maintained behavior is punished; the patterns of unpunished operant responding are not normally disrupted by punishment contingencies. For example, punishment affects operant performance under fixed-ratio schedules in a way analogous to what we have shown here; postreinforcement pauses are lengthened, but responding, once initiated, occurs at rates similar to those when no punishment is present (Azrin, 1959) .
The present results confirm previous findings in which the signaled delay served to punish schedule-induced drinking (Pell6n & Blackman, 1987) . In addition, the present results also show that the signal alone and noncontingent delays were not sufficient to reduce established schedule-induced drinking (yoked controls). In contrast to Pellon and Blackman's study, control animals were exposed both to the delay and to the signal initiated by their master rats rather than merely to the delay. Neither in the present experiment nor in Pell6n and Blackman's study did yoked controls show behavioral changes that could be attributed to the delays initiated by the licking of the master rats in the punishment conditions. Therefore, the decreases in drinking observed for master rats cannot be attributed simply to changes in the duration of interpellet intervals (although this measure was unfortunately not recorded in the present study). Pellon and Blackman (1987, Experiment 2) confirmed that lick-depen-dent blackouts, with no accompanying delays, were also insufficient to reduce established schedule-induced drinking.
A potential problem for the interpretation of the present results comes from the consideration that control animals could have been drinking and licking at asymptote during Condition A of the experiment, when they were maintained at 80% of their free-feeding weights and the delay contingency was not in operation for the licking of master rats. If this were the case, no increases could be observed in the behavior of control animals when body weight was set at 70%. However, studies that have related the amount of schedule-induced drinking with the amount of food deprivation (e.g., Falk, 1969) have shown that drinking is not normally further increased despite decreases in body weight from about 85% of the rats' free-feeding weights. Therefore, the increases in punished schedule-induced drinking should be attributed to the specific enhancing effects of severe food deprivation on punished licking.
Body-weight loss generally increases the resistance of food-maintained response to reductions by dependent (e.g., Azrin et al., 1963) and independent (Millenson & de Villiers, 1972 ) electric shocks. Similar results with response-independent shocks have been reported for schedule-induced drinking (Hymowitz, 1976 (Hymowitz, , 1981 . For example, Hymowitz (1976) reduced the weights of his rats to 70% and 90% of their initial free-feeding weights. Food was delivered according to an FT 40-s schedule, and electric shocks were presented concurrently at variable-time 60-s intervals. These components alternated with periods in which only the FT 40-s schedule was in operation. A 5-s or 10-s delay was imposed between licks and shock presentation to ensure that no shock followed a lick. With this lickindependent shock procedure, Hymowitz (1976) reported reliable reductions in the rate of licking during the shock periods in comparison to the shock-free periods when animals were food deprived to 90%. When rats were food deprived to 70%, however, shock presentations did not reduce drinking. The data of Hymowitz (1976) indicate that the resistance of schedule-induced drinking to suppression by response-independent shock increased as the degree of body-weight loss increased. This was true for measures of water consumption and the percentage of food pellets followed by licks.
The present results, together with those of Hymowitz (1976 Hymowitz ( , 1981 , suggest that as bodyweight loss is increased, the resistance of schedule-induced drinking to reduction by response-dependent and independent negative consequences is increased. These results extend to lick-dependent delays the previous findings of Hymowitz (1976) with lickindependent electric shocks.
The effect of food deprivation on punished schedule-induced drinking is similar to its effect on food-maintained lever pressing. Azrin et al. (1963) reported that the resistance of lever pressing during punishment was directly related to the degree of body-weight loss.
The present results therefore suggest a similar dependency of punishment on the animals' level of food deprivation in scheduleinduced and schedule-maintained behavior. The present results thus contribute to the view that schedule-induced drinking can be modified by the same variables that affect operant behavior.
